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(54) Radar apparatus with a simplified construction 

(57) A single antenna is used so that time-division 
transmission and reception is carried out in a radar 
apparatus for obtaining a distance and a relative speed 
with respect to a target object based on a beat signal 
obtained by transmitting a frequency modulated signal 
and mixing a received signal reflected by said target 
object with the frequency modulated signal that is trans- 
mitted. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to radar apparatuses 
and, more particularly, to a radar apparatus for use in 
automobiles. 

Under recent circumstances in which automobile 
accidents are increasing yearly with the increase of 
automobiles, it has become necessary for an automo- 
bile to be equipped with an apparatus supporting safety 
operation. Such an apparatus should be capable of 
warning a driver of a possible crash, measuring a 
ground speed accurately and controlling the engine 
properly while the automobile is driven on a wet road. 

2. Description of the Related Art 

Conventional radars for measuring a relative speed 
and distance of an automobile with respect to a target 
object include a frequency modulated continuous wave 
(FMCW) radar and a pulse Doppler radar. In an FMCW 
radar, as shown in Fig. 1, a triangular baseband signal 
is supplied to a transmission voltage controlled oscilla- 
tor (VCO) 10 for frequency modulation. A resultant high- 
frequency signal obtained from the voltage controlled 
oscillator 10 is transmitted via a transmission antenna 
1 1 . A portion of the high-frequency signal is branched 
off to a reception mixer (MIX) 12 supplied with a 
received signal received via a reception antenna 13. 
According to this arrangement, a beat signal commen- 
surate with a distance from a target object and a relative 
speed with respect to the target object is obtained. 
Since such a construction enables a significantly simple 
signal processing unit to provide a relative speed signal 
and a distance signal, it is extensively being applied to 
radar apparatuses such as an automobile radar appara- 
tus which are expected to be small and inexpensive. 

In one specific implementation of a radar apparatus 
illustrated in Fig. 2, a switch (SW) 16 is provided 
between the reception antenna 13 and the reception 
mixer 12 so as to prevent a signal-to-noise ratio from 
beign degraded due to a leak of the triangular modulat- 
ing signal to the reception side and to attenuate 1/f 
noise provided by the reception mixer (MIX) 12. The 
switch 16 may be operated according to a drive signal 
(LO) from an oscillation source 18 so as to subject the 
received signal to frequency conversion. The received 
signal output from the reception mixer (MIX) 12 is sup- 
plied to a second mixer 22 via a band-pass filter (BPF) 
20. In the second mixer 22, the received signal is sub- 
ject to frequency conversion again, using the drive sig- 
nal (LO), so that a beat signal is obtained. 

For example, a frequency f 0 of a transmitted signal 
output by the voltage controlled oscillator 10 is on the 
order of 10 - 100 GHz, a frequency f S w of the switch 
drive signal (LO) is on the order of 10 - 100 MHz and a 
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beat frequency fS produced by the transmitted signal 
and the received signal is below the order of 10 - 100 
KHz. The frequency of the triangular wave is on the 
order of 1 00 - 1 000 Hz. The amplitude of the transmitted 

5 signal supplied to the reception mixer 12 varies due to 
the frequency response of the VCO 10 and the line. The 
frequency of the amplitude variation is 100 - 1000 Hz. 
Since the reception mixer 12 has an AM demodulating 
function as well as the frequency conversion function, 

10 the output signal of the reception signal 12 inevitably 
includes noise in the form of the amplitude variation. 

The frequency of the received signal received via 
the reception antenna 13 is given by f 0 + f5. As a result 
of the frequency conversion using the switch 16, a 

is received signal having frequencies between 
f 0 +f6-f sw and f 0 +f$ + f S w <s produced. Accord- 
ingly, the reception mixer 12 produces an IF signal hav- 
ing frequencies between f S w - fS and fsw + f§- The IF 
signal contains a noise in the form of amplitude variation 

20 having a frequency on the order of 100 - 1000 Hz. Since 
the IF signal has a frequency on the order of 10 • 100 
MHz, the noise in the form of the amplitude variation is 
removed by the band-pass filter 20. The mixer 22 sub- 
jects the IF signal having the noise removed to fre- 

25 quency conversion so as to obtain the beat signal 
having a frequency f8. 

The antennas 1 1 and 1 3 must have a size commen- 
surate with a beamwidth capable of covering a single 
traffic lane so as not to detect a reflected wave from a 

30 non-target object outside a detection range of the radar. 
For example, given that the detection range is 100 m, 
and the width of a lane is 3.6 m, the beamwidth required 
to keep out a reflected wave from a vehicle driven in 
another lane 100 m ahead would be 2.1 degrees. As is 

35 well known, the relationship between the beamwidth B 
and the diameter D of the reflector antenna is given by 

D m 70 X 7JB 

40 Assuming that the beamwidth is 2.1 degrees and 
the frequency is 60 GHz (the wavelength = 5 mm), the 
diameter D of the antenna is 167 mm, according to the 
above equation. 

In the 1 00 m distance, an area covered by the radar 
45 is determined by a product of gain drops of the trans- 
mission and the reception antenna at a given angular 
separation. Thus, the diameter may actually be smaller 
than the result obtained according to the above equa- 
tion. Antennas having a diameter of about 110 mm are 
so usually used. 

Desirably, an automobile radar apparatus is 
designed so as not to detract from the aesthetic design 
of the automobile body. For optimum matching with the 
design, the smaller the radar apparatus, the better. Also, 
55 an automobile radar apparatus is ideally inexpensive in 
order to be available to the general public. However, 
requirement for concurrent transmission and reception 
imposes the use of both the transmission antenna and 
the reception antenna, so that it is difficult to achieve 
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reduction of the size and price of an automobile radar 
apparatus according to the conventional technology. 

As shown in Fig. 3. one approach to reduce the size 
of the radar apparatus is to use a directional coupler 26 
so that a transmission and reception antenna 24 can be 
shared. In the circuit of Fig. 3, a portion of the transmis- 
sion power is supplied to the transmission and reception 
antenna 24 via the directional coupler 26. An isolation 
capability of the directional coupler 26 is utilized to sup- 
ply a local power to the reception mixer 12. The degree 
of coupling of the directional coupler 26 is set below 10 
dB so as not to draw an excessively large power to the 
reception mixer 12 in consideration of the withstand 
capability of the reception mixer 1 2. Accordingly a prob- 
lem with this approach is that the voltage controlled 
oscillator 10 is required to output a significantly larger 
power than an actual output power needed to attain a 
satisfactorily long detection range. For example, assum- 
ing that the power actually radiated by the antenna is 10 
mW, a power exceeding 100 mW is needed. Although 
an output on the order of 10 - 100 mW can be easily 
obtained by high-output devices such as an IMPATT 
diode and a Gunn diode in the milliwave band, an output 
exceeding 100 mW cannot be obtained easily by the 
present device technology. It is also to be noted that 
devices such as the IMPATT diode and the Gunn diode 
are quite expensive. 

Since the isolation capability of the directional cou- 
pler 26 is used in the approach of Fig. 3, the local input 
power varies due to the antenna impedance. For this 
reason, it is difficult for the reception mixer 1 2 to perform 
stable frequency conversion. 

One problem that arises as the number of vehicles 
equipped with an automobile radar apparatus increases 
is radio interference from other vehicles. Since automo- 
bile radars share generally the same frequency band, 
radars carried on automobiles driven on the opposite 
lane may cause radio interference so that the target 
object ahead of the user driving on the same lane 
becomes lost on the radar. 

Conventional approaches to prevent radio interfer- 
ence include the use of a 45-degree linearly polarized 
wave antenna or a circularly polarized wave antenna. 
Polarization discrimination provided by such types of 
antennas is used to attenuate radio interference from 
other vehicles. However, polarization discrimination pro- 
vided by such types of antennas is 20 - 25 dB at best. 
As the number of vehicles equipped with a radar 
increases, the interfering signal level increases so that 
the conventional technology cannot provide a satisfac- 
tory performance of the radar. 

SUMMARY QF THE INVENTION 

Accordingly, an object of the present invention is to 
provide radar apparatuses in which the aforementioned 
problems are eliminated. 

Another and more specific object of the present 
invention is to provide a radar apparatus of a reduced 



size and cost in which transmission and reception can 
be performed by a single antenna 

Still another object of the present invention is to 
provide a radar apparatus in which interference from 

5 other apparatuses can be detected and removed. 

In order to achieve the aforementioned objects, the 
present invention provides a radar apparatus for obtain- 
ing a distance and a relative speed with respect to a tar- 
get object based on a beat signal obtained by 

10 transmitting a frequency modulated signal and mixing a 
received signal reflected by said target object with the 
frequency modulated signal that is transmitted, wherein 
a single antenna is used so that time-division transmis- 
sion and reception is carried out. According to the radar 

is apparatus of the present invention, transmission and 
reception can be performed by a single antenna and the 
size and cost are reduced. 

In one preferred embodiment of the present inven- 
tion, transmission and reception switching is conducted 

20 at a frequency in excess of double a modulating fre- 
quency of said frequency modulated signal that is trans- 
mitted. According to this aspect of the present invention, 
it is possible to calculate a distance and a relative speed 
with respect to a target object even in time-division 

25 transmission and reception. 

The present invention also provides a radar appara- 
tus for obtaining a distance and a relative speed with 
respect to a target object based on a beat signal 
obtained by transmitting a frequency modulated signal, 

30 subjecting a received signal to switching at a predeter- 
mined frequency, mixing the received signal with the fre- 
quency modulated signal that is transmitted and further 
mixing a mixed signal with a switching signal having 
said predetermined frequency, wherein a single 

35 antenna is used so that time-division transmission and 
reception is carried out. According to this aspect of the 
present invention, it is possible to remove a noise 
caused by amplitude variation in a transmitted signal 
from a beat signal so that a distance and a relative 

40 speed with respect to a target object can be detected 
with a high precision. 

Preferably the radar apparatus comprises: antenna 
sharing means connected to said single antenna; a 
transmission switch for supplying said frequency modu- 

45 lated signal to said antenna sharing means; and a 
reception switch for supplying a received signal 
received via said antenna sharing means to a circuit for 
mixing said received signal with said frequency modu- 
lated signal that is transmitted, wherein switching 

so between said transmission switch and said reception 
switch is effected by signal inversion. According to this 
aspect of the present invention, it is possible to perform 
time-division transmission and reception properly. 

The antenna sharing means may be implemented 

55 by a circulator, a 90° hybrid circuit or a branch circuit. 
According to this aspect of the present invention, atten- 
uation in a transmitted signal and a received signal in 
the antenna sharing means can be reduced. 

In another preferred embodiment of the present 
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invention, the radar apparatus further comprises a sin- 
gle-port double-throw switch for connecting said single 
antenna to one of a circuit for outputting a frequency 
modulated signal and a circuit for mixing a received sig- 
nal received via said antenna with said frequency mod- 5 
ulated signal that is transmitted. According to this 
aspect of the present invention, it is possible to perform 
time-division transmission and reception using a 
reduced number of parts. 

In yet another preferred embodiment of the present 10 
invention, the radar apparatus comprises: antenna 
sharing means connected to said single antenna; a 
transmission switch for supplying said frequency modu- 
lated signal to said antenna sharing means; and a 
reception switch for supplying a received signal 15 
received via said antenna sharing means to a circuit for 
mixing said received signal with said frequency modu- 
lated signal that is transmitted, wherein said reception 
switch is subjected to switching at said predetermined 
frequency when said transmission switch is open. 20 
According to this aspect of the present invention, the 
reception switch is capable of performing a switching 
between transmission and reception and a switching 
between predetermined frequencies of received sig- 
nals. 25 

The present invention also provides a radar appara- 
tus for obtaining a distance and a relative speed with 
respect to a target object based on a beat signal 
obtained by transmitting a frequency modulated signal 
and mixing a received signal reflected by said target 30 
object with the frequency modulated signal that is trans- 
mitted, said radar apparatus comprising interference 
detecting means for detecting an interfering signal 
mixed in said beat signal and provided by another radar 
apparatus. According to this aspect of the present 35 
invention, it is possible to detect that a transmitted sig- 
nal from another apparatus is mixed with and interferes 
a reflected signal intended to be received. 

In a preferable embodiment, the radar apparatus 
may comprise frequency varying means for varying a 40 
center frequency of said frequency modulated signal in 
the event that said interfering signal is detected. Accord- 
ing to this aspect of the present invention, it is possible 
to obtain a beat signal with reduced interference by var- 
ying the frequency of a transmitted signal in the event of 45 
an interference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the present so 
invention will be apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings, in which: 
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tional FMCW radar; 

Fig. 4 is a block diagram of a radar apparatus 
according to a first embodiment of the present 
invention; 

Fig. 5 shows a frequency spectrum of an ID signal; 
Figs. 6A, 6B and 6C show constructions of antenna 
sharing means; 

Figs. 7A, 7B and 7C are timing charts for signals 

occurring in the apparatus shown in Fig. 4; 

Fig. 8 is a block diagram of a radar apparatus 

according to a second embodiment of the present 

invention; 

Fig. 9 is a block diagram of a radar apparatus 
according to a third embodiment of the present 
invention; 

Fig. 10 shows a circuit diagram of an SPDT switch; 
Fig. 11 is a block diagram of a radar apparatus 
according to a fourth embodiment of the present 
invention; 

Figs. 12 A, 12B and 12C are timing charts for sig- 
nals occurring in the apparatus shown in Fig. 1 1 ; 
Fig. 13 is a block diagram of a radar apparatus 
according to a fifth embodiment of the present 
invention; 

Rg. 14 is a block diagram of a radar apparatus 
according to a sixth embodiment of the present 
invention; 

Rg. 15 is a table showing the operation of the radar 
apparatus according to the sixth embodiment; 
Rg. 16 is a block diagram of a radar apparatus 
according to a seventh embodiment of the present 
invention; 

Rgs. 1 7A and 1 7B are waveform charts of a voltage 
applied to a control terminal of the voltage control- 
led oscillator; 

Rg. 18 is a block diagram of a radar apparatus 
according to an eighth embodiment of the present 
invention; 

Rg. 19 is a graph illustrating how an interference 
occurs; 

Rg. 20 is a graph illustrating how an interference 
occurs; 

Rg. 21 is a block diagram of a radar apparatus 
according to a ninth embodiment of the present 
invention; 

Rgs. 22A and 22B show implementations of inter- 
ference detecting means; 

Rg. 23 is a block diagram of frequency hopping 
means; 

Rg. 24 is a block diagram of a radar apparatus 
according to a tenth embodiment of the present 
invention; and 

Rg. 25 is a block diagram of a radar apparatus 
according to an eleventh embodiment. 

DE SCRIPTION OF THE; PPEFERRED EMBODI- 
MENTS 

Rg. 4 is a block diagram of a radar apparatus 



Rg. 1 shows a construction of a conventional ss 
FMCW radar; 

Rg. 2 shows another construction of a conventional 
FMCW radar; 

Fig. 3 shows still another construction of a conven- 
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according to a first embodiment of the present inven- 
tion. Referring to Fig. 4, a triangular baseband signal 
(Mod) having a frequency of about several kHz is 
applied to a voltage controlled oscillator (VCO) 30 for 
frequency modulation. The resultant frequency modu- 
lated signal having a frequency f 0 on the order of 10 - 
100 GHz is supplied to a transmission switch (SW) 32. 
A portion of the frequency modulated signal is supplied 
to a reception mixer 34. The transmission switch 32 is 
controlled to be opened or closed in accordance with a 
drive signal output from a switch drive signal source 
(LO) 35. The drive signal has a frequency f sw on the 
order of 10 - 100 MHz and is a rectangular wave with a 
50% duty factor. When the switch 32 is dosed, the fre- 
quency modulated signal to be transmitted is supplied 
to an antenna 38 via antenna sharing means 36. 

The drive signal output from the switch drive signal 
source 35 is inverted by an inverter 40 and supplied to a 
reception switch 42. Accordingly, when the transmission 
switch 32 is open, the reception switch 42 is closed so 
that a received signal received via the antenna 38 is 
supplied to the reception mixer 34 via the antenna shar- 
ing means 36 and the reception switch 42. The recep- 
tion mixer 34 produces and outputs the IF signal. 

The frequency of the received signal received via 
the antenna 38 is given by f 0 + f§. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f 5 - f sw and 
f 0 + f6+f sw is obtained. Accordingly, the reception 
mixer 34 produces the IF signal having frequencies 
between f sw - f§ and f S w + f5 and having the frequency 
spectrum as shown in Fig. 5. 

The IF signal is subject to FM modulation in order to 
detect the frequency fS. The frequency f5 of a period in 
which the frequency increases and the frequency f5 in a 
period in which the frequency decreases are used as a 
basis to calculate the relative speed and the distance 
with respect to the target object. 

The antenna sharing means 36 may be imple- 
mented by a circulator 44 as shown in Fig. 6A, a 90° 
hybrid circuit 45 as shown in Fig. 6B or a branch circuit 
46 as shown in Fig. 6C. The attenuation provided by the 
circulator 44 is approximately 2 - 3 dB. The attenuation 
provided by the 90° hybrid circuit 45 and the branch cir- 
cuit 46 is approximately 3 - 4 dB. 

As shown in Fig. 7A, transmission of a signal via the 
antenna 38 occurs in response to the closing of the 
transmission switch 32 by the drive signal. The reflected 
signal as shown in Fig. 7B reflected by the target object 
arrives at the antenna 38. As shown in Fig. 7C t a portion 
of the reflected signal is received by the antenna 38 in 
response to the closing of the reception switch 42. 

Thus, since a single antenna is shared in transmis- 
sion and reception operations, the radar apparatus pro- 
duced accordingly can be small and inexpensive. 

Fig. 8 is a block diagram of a radar apparatus 
according to a second embodiment. Referring to Fig. 8, 
a triangular baseband signal (Mod) having a frequency 
on the order of 100 - 1000 Hz is applied to the voltage 



controlled oscillator (VCO) 30 for frequency modulation. 
The resultant frequency modulated signal having a fre- 
quency f o on the order of 1 0 - 1 00 G Hz is suppli ed to the 
transmission switch (SW) 32. A portion of the frequency 

5 modulated signal is branched off to the reception mixer 
34. The transmission switch 32 is controlled to be 
opened or closed in accordance with the drive signal 
output from the switch drive signal source (LO) 35. The 
drive signal has a frequency f S w o° ^ order of 1 0 - 1 00 

70 MHz and is a rectangular wave with a 50% duty factor. 
When the switch 32 is closed, the frequency modulated 
signal to be transmitted is supplied to the antenna 38 via 
the antenna sharing means 36. 

The drive signal output from the switch drive signal 

is source 35 is inverted by the inverter 40 and supplied to 
the reception switch 42. Accordingly, when the trans- 
mission switch 32 is open, the reception switch 42 is 
closed so that a received signal received via the 
antenna 38 is supplied to the reception mixer 34 via the 

20 antenna sharing means 36 and the reception switch 42. 
The reception mixer 34 produces and outputs the IF sig- 
nal. 

The frequency of the received signal received via 
the antenna 38 is given by f 0 + f5. As a result of fre- 

25 quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f 6 - f sw and 
f 0 +f5 + f sw is obtained. Accordingly, the reception 
mixer 34 produces the IF signal having frequencies 
between f sw - fS and f sw + f8 and having the frequency 

30 spectrum as shown in Fig. 5. Due to the AM demodulat- 
ing function of the reception mixer 34, a noise having a 
frequency on the order of 100 - 1000 Hz caused by 
amplitude variation of the frequency modulated signal is 
contained in the IF signal. By supplying the IF signal to 

35 the band-pass filter 50 so that only the frequency band 
between f sw - f5 and f S w + * 5 on ^ e order °* 10 " 100 
MHz is allowed to pass, the noise having the frequency 
on the order of 100 - 1000 Hz can be removed. The IF 
signal is fed to a mixer 52. The mixer 52 produces and 

40 outputs a beat signal having a frequency of fS by mixing 
the IF signal having the frequencies between f sw - fS 
and f S w + f $ * nd having the noise removed, with the 
drive signal having the frequency f S w 

Fig. 9 is a block diagram of a radar apparatus 

45 according to a third embodiment of the present inven- 
tion. A triangular baseband signal (Mod) having a fre- 
quency on the order of 100 - 1000 Hz is applied to the 
voltage controlled oscillator (VCO) 30 for frequency 
modulation. The resultant frequency modulated signal 

so having a frequency f 0 on the order of 10 - 100 GHz is 
supplied to a single-port double-throw (SPDT) switch 
(SW) 54. A portion of the frequency modulated signal is 
branched off to the reception mixer 34. The SPDT 
witch 54 is controlled to be connected to the VCO 30 

55 while the drive signal output from the drive signal source 
(LO) 35 is at logical high and to the reception mixer 34 
while the drive signal is at logical low. The drive signal 
has a frequency f S w on the order of 10 - 100 MHz and 
is a rectangular wave with a 50% duty factor. While the 
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drive signal is at logical high, the frequency modulated 
signal is supplied to the antenna 38 and output there- 
from. 

The received signal received via the antenna 38 
while the drive signal is at logical low is supplied to the s 
reception mixer 34 via the SPDT switch 54. The recep- 
tion mixer 34 produces and outputs the IF signal. 

The received signal received via the antenna 38 
has the frequency f 0 + f8. As a result of frequency con- 
version by the reception switch 42, a signal having fre- 10 
quencies between f 0 + f5-f sw and f 0 + * s + f sw is 
produced and supplied to the reception mixer 34 which 
then produces the IF signal having frequencies between 
f sw - fS and f sw + fS and having the frequency spectrum 
shown in Fig. 5. Due to the AM demodulating function of is 
the reception mixer 34, the IF signal contains a noise 
having a frequency on the order of 100 - 1000 Hz 
caused by amplitude variation of the frequency modu- 
lated signal. By supplying the IF signals to the band- 
pass filter 50 so that only the frequency band between 20 
fsw " fs and f sw + f 8 on the order of 10 - 100 MHz is 
allowed to pass, the noise having the frequency on the 
order of 100 - 1000 Hz can be removed. The IF signal is 
then fed to a mixer 52. The mixer 52 produces and out- 
puts a beat signal having a frequency of f§ by mixing the 25 
IF signal having the frequencies between f sw - f8 and 
f sw + f8 and having the noise removed, with the drive 
signal having the frequency f S w 

The SPDT switch has a circuitry as shown in Fig. 
10. Referring to Fig. 10, terminals 55a and 55b are con- 30 
nected to the voltage controlled oscillator 30 and the 
reception mixer 34, respectively. A terminal 56 is con- 
nected to the antenna 38. The drive signal is supplied to 
a terminal 57. While the drive signal is at logical high, n- 
channel MOS transistors Q2 and Q4 are ON and n- 35 
channel MOS transistors Q1 and Q3 are OFF so that 
the terminals 55a and 56 are connected to each other 
and the terminal 55b is grounded. While the drive signal 
is at logical low, the n-channel MOS transistors Q1 and 
Q3 are ON and the n-channel MOS transistors Q2 and 40 
Q4 are OFF so that the terminals 55b and 56 are con- 
nected to each other and the terminal 55a is grounded. 

Fig. 11 is a block diagram of a radar apparatus 
according to a fourth embodiment of the present inven- 
tion. Referring to Fig. 11, a triangular baseband signal 45 
(Mod) having a frequency on the order of 100 - 1000 Hz 
is applied to the voltage controlled oscillator (VCO) 30 
for frequency modulation. The resultant frequency mod- 
ulated signal having a frequency f 0 on the order of 10 - 
1 00 GHz is supplied to the transmission switch (SW) 32. so 
A portion of the frequency modulated signal is supplied 
to the reception mixer 34. The transmission switch 32 is 
controlled to be opened or closed in accordance with a 
drive signal obtained by subjecting an output signal 
from the switch drive signal source (LO) 60 to 1/N fre- ss 
quency division by a frequency divider 62, where N is 5 
- 20, for example. The drive signal output from the fre- 
quency divider 62 has a frequency f sw on the order of 
1 0 - 1 00 MHz and is a rectangular wave with a 50% duty 



factor. When the switch 32 is closed, the frequency 
modulated signal to be transmitted is supplied to the 
antenna 38 via the antenna sharing means 36. 

The drive signal output from the switch drive signal 
source 60 is supplied to a NAND circuit 64 together with 
the drive signal output from the frequency divider 62. 
While the drive signal is at logical low, a signal having a 
frequency N*f sw is supplied from the NAND circuit 64 to 
the reception switch 42. Accordingly, when the trans- 
mission switch 32 is open, the reception switch 42 is 
opened or closed at the frequency N*f sw . While the 
reception switch 42 is closed, the received signal 
received via the antenna 38 is supplied to the reception 
mixer 34 via the antenna sharing means 36 and the 
reception switch 42. The reception mixer 34 produces 
and outputs the IF signal. 

The frequency of the received signal received via 
the antenna 38 is given by f 0 + f 8. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 +f5-N*f sw and 
f 0 + f8 + N*f sw is obtained. Accordingly, the reception 
mixer 34 produces an IF signal having frequencies 
between N*f sw -fS and N*f sw + fS. Due to the AM 
demodulating function of the reception mixer 34, a noise 
having a frequency on the order of 100 - 1000 Hz 
caused by amplitude variation of the frequency modu- 
lated signal is contained in the IF signal. By supplying 
the IF signal to the band-pass filter 50 so that only the 
frequency band between N*f sw -f5 and N*f sw + f8 
on the order of 10 - 100 MHz is allowed to pass, the 
noise having the frequency on the order of 100 - 1000 
Hz can be removed. The IF signal is then fed to the 
mixer 52. The mixer 52 produces and outputs a beat 
signal having a frequency of f8 by mixing the IF signal 
having the frequencies between N*f sw -f8 and 
N*f sw + f8 and having the noise removed, with the 
drive signal having the frequency N*f sw output from the 
NAND circuit 64. 

Generally, a semiconductor device contains a 1/f 
noise. The lower the frequency, the higher the level of 
the noise. The switching frequency of the reception 
switch 42 according to the fourth embodiment described 
above is configured to be N times that of the switching 
frequency of the foregoing embodiments so that the 1/f 
noise generated in the reception mixer 34 is reduced 
and the S/N ratio is improved. 

The drive signal closes the transmission switch 32 
so as to time the transmission of the transmitted signal 
via the antenna 38 as shown in Fig. 12A. The signal 
reflected by the target object arrives at the antenna 38 
as shown in Fig. 12B. Reception of a portion of the 
reflected signal via the antenna 38 is timed as shown in 
Fig. 12C by closing the reception switch 42. 

Fig. 13 is a block diagram of a radar apparatus 
according to a fifth embodiment. Referring to Fig. 13, a 
triangular baseband signal (Mod) having a frequency on 
the order of 100 - 1000 Hz is applied to the voltage con- 
trolled oscillator (VCO) 30 for frequency modulation. 
The resultant frequency modulated signal having a fre- 
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quency f 0 on the order of 10 - 100 GHz is supplied to the 
single-port double-throw (SPDT) switch (SW) 54. A por- 
tion of the frequency modulated signal is branched off to 
the reception mixer 34. The SPDT switch 54 is control- 
led to be connected to the VCO 30 while the drive signal 
obtained by subjecting an output signal from the switch 
drive signal source (LO) 60 to 1/N frequency division is 
at logical high and to the reception switch 42 while the 
drive signal is at logical low. The drive signal has a fre- 
quency f S w on the orc| er of 10 - 100 MHz and is a rec- 
tangular wave with a 50% duty factor. While the drive 
signal is at logical high, the frequency modulated signal 
is supplied to the antenna 38 via the SPDT switch 54 
and output therefrom. 

The drive signal output from the switch drive signal 
source 60 is supplied to the NAND circuit 64 together 
with the drive signal output from the frequency divider 
62. While the drive signal is at logical low, a signal hav- 
ing a frequency N*f sw is supplied from the NAND circuit 
64 to the reception switch 42. Accordingly, while the 
SPDT switch 54 is connected to the reception switch 42, 
the reception switch 42 is opened or closed at the fre- 
quency N*f sw . While the reception switch 42 is closed, 
the received signal received via the antenna 38 is sup- 
plied to the reception mixer 34 via the SPDT switch 54 
and the reception switch 42. The reception mixer 34 
produces and outputs the IF signal. 

The frequency of the received signal received via 
the antenna 38 is given by f 0 + f5. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 +f5-N*f sw and 
f 0 + f8 + N*f sw is obtained. Accordingly, the reception 
mixer 34 produces an IF signal having frequencies 
between N*f sw -fS and N*f sw + fS. Due to the AM 
demodulating function of the reception mixer 34, a noise 
having a frequency on the order of 100 - 1000 Hz 
caused by amplitude variation of the frequency modu- 
lated signal is contained in the IF signal. By supplying 
the IF signal to the band-pass filter 50 so that only the 
frequency band between N*f sw -fS and N*f sw + f8 
on the order of 10 - 100 MHz is allowed to pass, the 
noise having the frequency on the order of 100 - 1000 
Hz can be removed. The IF signal is then fed to the 
mixer 52. The mixer 52 produces and outputs a beat 
signal having a frequency of fS by mixing the IF signal 
having the frequencies between N*f sw -f5 and 
N*f sw +f8 and having the noise removed, with the 
drive signal having the frequency N*f sw output from the 
NAND circuit 64. 

The switching frequency of the reception switch 42 
according to the fifth embodiment described above is 
configured to be N times that of the switching frequency 
of the first through third embodiments so that the 1/f 
noise generated in the reception mixer 34 is reduced 
and the S/N ratio is improved. 

Fig. 14 is a block diagram of a radar apparatus 
according to a sixth embodiment of the present inven- 
tion. Referring to Fig. 14, a triangular baseband signal 
(Mod) having a frequency on the order of 100 - 1000 Hz 
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is applied to the voltage controlled oscillator (VCO) 30 
for frequency modulation. The resultant frequency mod- 
ulated signal having a frequency f 0 on the order of 10 - 
100 GHz is supplied to the single-port double-throw 

5 (SPDT) switch (SW) 54. A portion of the frequency mod- 
ulated signal is branched off to the reception mixer 34. 
The SPDT switch 54 is controlled to be connected to the 
VCO 30 while the drive signal output from the switch 
drive signal source (LO) 35 is at logical high and to the 

w reception switch 42 while the drive signal is at logical 
low. The drive signal has a frequency fsw on the order 
of 10 - 100 MHz and is a rectangular wave with a 50% 
duty factor. While the drive signal is at logical high, the 
frequency modulated signal is supplied to the antenna 

75 38 via the SPDT switch 54 and transmitted from the 
antenna 38. 

While the drive signal is at logical low, the received 
signal received via the antenna 38 is supplied to the 
reception switch 42 via the SPDT switch 54. The recep- 

20 tion switch 42 and the mixer 52 are supplied with a sig- 
nal having a frequency N*f sw output from a switch drive 
signal source 66. Accordingly, while the SPDT switch 54 
is connected to the reception switch 42, the reception 
switch 42 is opened or closed at the frequency N*f sw . 

25 While the reception switch 42 is closed, the received 
signal received via the antenna 38 is supplied to the 
reception mixer 34 via the SPDT switch 54 and the 
reception switch 42. The reception mixer 34 produces 
and outputs the IF signal. 

30 The frequency of the received signal received via 
the antenna 38 is given by f 0 + f8. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 +f8-N*f sw and 
f n +fS + N*f 

sw ' s obtained. Accordingly, the reception 

35 mixer 34 produces an IF signal having frequencies 
between N*f sw - fS and N*f sw + f8 . Due to the AM 
demodulating function of the reception mixer 34, a noise 
having a frequency on the order of 100 - 1000 Hz 
caused by amplitude variation of the frequency modu- 

40 lated signal is contained in the IF signal. By supplying 
the IF signal to the band-pass filter 50 so that only the 
frequency band between N*f sw -f8 and N*f sw + f8 
on the order of 10 - 100 MHz is allowed to pass, the 
noise having the frequency on the order of 100 - 1000 

45 Hz can be removed. The IF signal is then fed to the 
mixer 52. The mixer 52 produces and outputs a beat 
signal having a frequency of f8 by mixing the IF signal 
having the frequencies between N*f sw -fS and 
N*f sw + fS and having the noise removed, with the 

so drive signal having the frequency N*f sw output from the 
NAND circuit 64. 

The switching frequency of the reception switch 42 
according to the sixth embodiment described above is 
configured to be N times that of the switching frequency 

55 of the first through third embodiments so that the 1/f 
noise generated in the reception mixer 34 is reduced 
and the S/N ratio is improved. 

In the sixth embodiment, transmission and recep- 
tion switching is conducted using the drive signal having 
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a 50% duty factor. Assuming a transmission period of x, 
the drive signal frequency of f S w and a maximum dis- 
tance R max measurable in a reception period, a recep- 
tion power decreases when a distance R t to the target 
object is shorter than the distance R max , as shown in 5 
Fig. 15. When the distance R t is 2*N*R max , where N is a 
natural number, the reception intensity is 0 so that the 
measurement is disabled. The measure 2*N*R max is 
referred to as a fade-out point Since the time-division 
transmission and reception is performed in the sixth w 
embodiment, the reception intensity is in inverse propor- 
tion to the power of R t when R t <, R max . When R max ^ R, 
^ 2 * R max» the reception intensity is in inverse proportion 
to the sixth power of R t . 

Fig. 16 is a block diagram of a radar apparatus is 
according to a seventh embodiment of the present 
invention. Referring to Fig. 16, a triangular baseband 
signal (Mod) having a frequency on the order of 100 - 
1000 Hz is applied to the voltage controlled oscillator 
(VCO) 30 for frequency modulation. The resultant fre- 20 
quency modulated signal having a frequency f 0 on the 
order of 1 0 - 1 00 GHz is supplied to the single-port dou- 
ble-throw (SPDT) switch (SW) 54. A portion of the fre- 
quency modulated signal is branched off to the 
reception mixer 34. The SPDT switch 54 is controlled to 2s 
be connected to the VCO 30 while the drive signal out- 
put from a voltage controlled oscillator (VCO) 70 is at 
logical high and to the reception mixer 34 while the drive 
signal is at logical low. The drive signal has a variable 
frequency f sw between 9 MHz and 1 1 MHz, for exam- 30 
pie, and is a rectangular wave with a 50% duty factor. 
While the drive signal is at logical high, the frequency 
modulated signal is supplied to the antenna 38 via the 
SPDT switch 54 and transmitted from the antenna 38. 
While the drive signal is at logical low, the received sig- 35 
nal received via the antenna 38 is supplied to the recep- 
tion mixer 34 via the SPDT switch 54. The reception 
mixer 34 then produces and outputs the IF signal. 

The IF signal has a noise having a frequency below 
1 00 Hz removed by the band-pass filter 50 and is then 40 
supplied to the mixer 52. The mixer 52 produces a beat 
signal having a frequency f5 by frequency conversion 
and outputs the beat signal. 

A triangular wave as shown in Fig. 17A or a control 
voltage (V in ) having a random hopping waveform as 45 
shown in Fig. 1 7B is supplied to a control terminal of the 
voltage controlled oscillator 70. The frequency f S w of 
the drive signal output from the voltage controlled oscil- 
lator 70 varies between 9 MHz and 1 1 MHz in accord- 
ance with the control voltage. Accordingly, a distance to so 
the fade-out point varies in a range between 13.64 X N 
m and 16.66 X N m. Therefore, the distance R t to the 
target object can be properly detected. By raising a var- 
iation frequency at which the frequency f sw of the drive 
signal varies so as to be at least on the order of 100 - ss 
1000 Hz, it is possible to prevent the noise having the 
frequency on the order of 100 - 1000 Hz from being 
leaked to the IF signals due to the AM demodulating 
function of the reception mixer 34. 
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The variation frequency of the frequency f sw of the 
drive signal as shown in Fig. 1 7A is suitably higher than 
the beat frequency derived from the relative speed and 
the distance with respect to the target object Another 
requirement for the variation frequency is that a varia- 
tion of the distance to the target object is not in synchro- 
nism with a variation of the distance to the fade-out 
point determined by the variation frequency. For exam- 
ple, given that the maximum relative speed with respect 
to the target object is 180 km/h, fade-out points occur at 
varying locations in a 3 m range, when N = 1. The 
period of the variation of the frequency f sw of the drive 
signal is suitably shorter than 60 msec. 

Fig. 18 is a block diagram of a radar apparatus 
according to an eighth embodiment of the present 
invention. Referring to Fig. 18, an oscillator (OSC) 72 
outputs an oscillation having a frequency on the order of 
10 - 100 GHz. The oscillation is supplied to the single- 
port double-throw (SPDT) switch (SW) 54. A portion of 
the oscillation is branched off to the reception mixer 34. 
The SPDT switch 54 is controlled to be connected to the 
OSC 72 while the drive signal output from the switch 
drive signal source (LO) 35 is at logical high and to the 
reception mixer 34 while the drive signal is at logical low. 
The drive signal has a frequency f sw on the order of 1 0 
- 100 MHz and is a rectangular wave with a 50% duty 
factor. While the drive signal is at logical high, the fre- 
quency modulated signal is supplied to the antenna 38 
via the SPDT switch 54 and transmitted from the 
antenna 38. While the drive signal is at logical low, the 
received signal received via the antenna 38 is supplied 
to the reception mixer 34 via the SPDT switch 54. The 
reception mixer 34 then produces and outputs the IF 
signal. 

The IF signal has a noise having a frequency below 
100 Hz removed by the band-pass filter 50 and is then 
supplied to the mixer 52. The mixer 52 produces a beat 
signal having a frequency fS by frequency conversion 
and outputs the beat signal. 

The eighth embodiment described above is used as 
a Doppler radar capable of detecting only a relative 
speed with respect to the target object. For example, 
given that f S w =100 MHz, R max = 0.75 m so that the 
fade-out point is 1.5 m. Generally, a Doppler radar 
applied to an automobile is used to detect a ground 
speed, wherein the frequency of the drive signal can be 
relatively high because the target object (in this case, 
the ground) is a short distance away. 

Similar to the first through seventh embodiments, 
the eighth embodiment makes it possible for the 
antenna 38 to be shared in transmission and reception. 
Thus, the cost and price of the radar apparatus accord- 
ing to these embodiments can be reduced. 

In an FMCW radar, a triangular modulating signal is 
applied to a voltage controlled oscillator so that a signal 
indicated by the symbol la in Fig. 19 is transmitted. A 
signal indicated by the symbol Ha is reflected by the tar- 
get object with a delay and is mixed with a portion of the 
transmitted wave which portion forms a local oscillation 
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source in the reception mixer. A minute frequency differ- 
ence between the reflected wave and the local oscilla- 
tion source is detected by the reception mixer so that 
the distance to the target object is calculated. In the 
case of an FMCW radar, the greater the distance, that 5 
is, the greater the delay, the greater the frequency differ- 
ence and the higher the baseband output frequency of 
the received signal. If there is a difference in speed 
between the target object and the automobile, a Dop- 
pler shift is caused. The frequency difference that corre- 10 
sponds to the Doppler shift is observed as a beat signal. 
The frequency of the beat signal would generally be 
below 100 kHz if the triangular modulating signal has a 
frequency on the order of 100 - 1000 Hz, the frequency 
deviation of the FM modulated wave output from the 75 
voltage controlled oscillator is on the order of 10 - 100 
MHz, the frequency used by the radar is on the order of 
10-100 GHz, the distance to the target object is on the 
order of 100 - 1000 m, and the relative speed with 
respect to the target object is on the order of 10 - 100 20 
km/h. 

A wave indicated by the symbol Ilia of Fig. 19 rep- 
resents an interference from another FMCW radar. It is 
very unlikely that a frequency variation of a radar of one 
vehicle is in synchronism with that of another vehicle 25 
causing an interference. Fig. 19 gives a general idea of 
how an interference occurs. 

Fig. 20 shows a time-dependent variation of the fre- 
quency of the signal that occurs in the received signal 
baseband output. The solid line lib of Fig. 20 indicates a 30 
beat signal generated due to the signal reflected by the 
target object, the solid line I lib indicates a beat signal 
generated due to an interfering signal, and the hatching 
indicates a passing band of the reception filter for 
improving the S/N ratio of the received signal. The cut- 3S 
off frequency of the reception fitter is determined by the 
distance and the relative speed to be detected. As men- 
tioned before, the cut-off frequency on the order of 100 
- 1000 kHz is used for the automobile radar. 

The frequency of the interfering wave Nib varies 40 
from a dc range to a frequency significantly higher than 
the frequency of the reception filter. The frequency of 
the interfering wave may vary till it is on the order of 1 00 
- 200 MHz, in a case that the local oscillation source and 
the interference source have matching center frequen- 45 
cies, identical frequency deviations and reversed 
phases of the frequency variation, 

Fig. 21 is a block diagram of a radar apparatus 
according to a ninth embodiment of the present inven- 
tion. Referring to Fig. 21 , a triangular modulating signal so 
is supplied to a frequency hopping means 100. A fre- 
quency modulated signal output from the frequency 
hopping means 100 is supplied to a transmission 
antenna 102 and transmitted therefrom. A portion of the 
frequency modulated signal is branched off to a recep- 55 
tion mixer 106. The signal received via a reception 
antenna 104 is mixed with the frequency modulated sig- 
nal in the reception mixer 106 so as to produce a beat 
signal. The beat signal is supplied to an interference 
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detecting means 1 08 and a reception filter implemented 
by a band-pass filter 110. 

The interference detecting means 108 detects 
whether or not there is an interference and supplies the 
detection result to the frequency hopping means 100. In 
the event that there is an interference, the frequency 
hopping means 100 changes the frequency of the fre- 
quency modulated signal to a new frequency in a band 
where there is no interference. The band-pass filter 110, 
in which the cut-off frequency determined by the dis- 
tance and the relative speed to be detected is set, 
removes unwanted frequency components from the 
beat signal and outputs the rectified signal. A low-pass 
f flter may be used in place of the band-pass filter. 

As shown in Fig. 22A, the interference detecting 
means 108 may be implemented by a band-pass filter 
1 12 so as to detect by band separation an interfering 
signal having a frequency higher than that of the beat 
signal. That is, the signal represented by 1Mb of Fig. 20 
providing a frequency difference that exceeds the band 
of the reception filter is subject to band separation and 
output A high-pass filter may be employed in place of 
the band-pass filter 1 12. A voltage controlled oscillator 
114 shown in Fig. 22a forms a part of the frequency 
hopping means 100. A lower cut-off frequency of the 
band-pass filter 1 12 is configured to be higher than the 
higher cut-off frequency of the band-pass filter 110. A 
satisfactory attenuation is provided at a crossing point 
between the attenuation curves of the band-pass filters. 

As shown in Fig. 22B, the band-pass filter 110 for 
extracting the received signal may be coupled to the 
output of the reception mixer 106. A comparator 116 
operated by a predetermined threshold voltage may be 
used as the interference detecting means 108. 

Generally an automobile radar outputs a power of 
about 10 dBm. Therefore, the reflected power provided 
an automobile 100 m ahead, for example, is approxi- 
mately -130 dBm at best. The reflected power is in 
inverse proportion to the fourth power of the distance. In 
comparison with this, the interfering power from the 
opposite lane is in inverse proportion to the power of the 
distance and is therefore, significantly higher than the 
power of the received signal. As shown in Fig. 20, when 
an automobile radar is exposed to an interference from 
a radar of another automobile, a level of the beat signal 
caused by the interfering signal drops to the band of the 
reception filter for a limited period of time. When this 
drop occurs, the interfering signal becomes a pulse sig- 
nal having a significantly higher level than the signal 
reflected by the target object. Thus, in the interference 
detecting means of Fig. 22B, the threshold voltage is set 
so that the comparator 116 operates at a sufficiently 
higher level than the level of the signal reflected by the 
target object. 

Fig. 23 is a block diagram of the frequency hopping 
means (frequency varying means) 100. Referring to Fig. 
23. an interference detection signal which goes to a log- 
ical high state when an interference is detected and is 
obtained in the interference detecting means is supplied 
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to a rising detecting circuit 120. The rising detecting cir- 
cuit 120 generates a pulse each time a rising of the 
interfering signal is detected. The pulses are supplied to 
an N-putse counter 122 which is reset when a total of N 
pulses are input thereto. A ROM table 1 24 contains data s 
relating to the center frequency of the hopping destina- 
tion. A count output by the N -pulse counter 122 is sup- 
plied to the ROM table 124 as an address for reading M- 
bit data. A D/A converter 126 generates a dc signal that 
corresponds to the M-bit data output from the ROM w 
table 124. An adder circuit 128 for adding the triangular 
modulating signal to the output signal from the D/A con- 
verter 126 is coupled to the D/A converter 126. An out- 
put from the adder circuit 128 is supplied to a voltage 
controlled oscillator 114. is 

Upon detection of an interference wave by the inter- 
ference detecting means 108, the frequency hopping 
means is put into operation so as to shift the center fre- 
quency to a frequency band free from interference. 
Even when an interference is caused in the hopping 20 
destination, another step for frequency hopping is 
taken. Of course, the minimum interval of the frequency 
in hopping must be the same as or higher than the fre- 
quency deviation of the FMCW radar. For example, 
given that the frequency deviation is 75 MHz, and the 25 
assigned frequency bandwidth is 1 GHz, the hopping 
frequency interval is 75 MHz at the minimum. A total of 
thirteen channels are available as hopping destination 
frequencies. 

Fig. 24 is a block diagram of a radar apparatus 30 
according to a tenth embodiment of the present inven- 
tion. Referring to Fig. 24, a triangular modulating signal 
is supplied to the frequency hopping means 100 and 
then to a switch 130 coupled to the output of the fre- 
quency hopping means 1 00. When the switch is closed, 35 
a frequency modulated signal is supplied to the trans- 
mission antenna 102 and transmitted therefrom. A por- 
tion of the frequency modulated signal is branched off to 
the reception mixer 106. The signal received via the 
reception antenna 104 is mixed by the reception mixer 40 
106 with the frequency modulated signal so as to pro- 
duce a beat signal. The beat signal is supplied to the 
interference detecting means 108 and a reception filter 
implemented by the band-pass filter 110. 

The interference detecting means 108 detects 45 
whether or not there is an interference and supplies the 
detection result to the frequency hopping means 100. In 
the event that there is an interference, the frequency 
hopping means 100 changes the frequency of the fre- 
quency modulated signal to a new frequency in a band so 
where there is no interference. The band -pass filter 110, 
in which the cut-off frequency determined by the dis- 
tance and the relative speed to be detected is set, 
removes unwanted frequency components from the 
baseband signal and outputs the resultant signal. ss 

In the tenth embodiment, a determination is made 
before transmission as to whether or not there is an 
interference. In the event that there is an interference, 
the frequency hopping means 100 changes the center 



frequency of the transmitted signal. When the interfer- 
ence is no longer present, the switch 130 is closed so 
that the transmission is started. Wrth this arrangement, 
it is possible to select a transmission frequency free 
from interference. 

Fig. 25 is a block diagram of a radar apparatus 
according to an eleventh embodiment of the present 
invention. The construction of the eleventh embodiment 
is almost the same as the construction shown in Fig. 21 , 
a difference being that the modulating signal supplied to 
the frequency hopping means 100 is a constant-level dc 
signal instead of a triangular wave. That is, the radar as 
shown in Fig. 25 is a Doppler radar. A Doppler radar is 
used to detect the ground speed and is not used to 
measure a distance. A Doppler radar is constructed of a 
transmission oscillation source oscillating at a constant 
frequency, a local oscillation source provided by branch- 
ing a portion of the oscillation of the transmission oscil- 
lation source, and a reception frequency converter. 
Figs. 19 and 20 illustrate how an interference occurs in 
the radar apparatus according to the eleventh embodi- 
ment. That is, considering a case where an FMCW 
radar causes an interference in another FMCW radar, 
the description as given with reference to Figs. 21-23 
applies to the apparatus of Fig. 25. 

The present invention is not limited to the above- 
described embodiments, and variations and modifica- 
tions may be made without departing from the scope of 
the present invention. 

Claims 

1. A radar apparatus for obtaining a distance and a 
relative speed with respect to a target object based 
on a beat signal obtained by transmitting a fre- 
quency modulated signal and mixing a received 
signal reflected by said target object with the fre- 
quency modulated signal that is transmitted, 
wherein 

a single antenna (38) is used so that time-divi- 
sion transmission and reception is carried out. 

2. The radar apparatus as claimed in claim 1, charac- 
terized in that transmission and reception switching 
is conducted at a frequency in excess of double a 
modulating frequency of said frequency modulated 
signal that is transmitted. 

3. A radar apparatus for obtaining a distance and a 
relative speed with respect to a target object based 
on a beat signal obtained by transmitting a fre- 
quency modulated signal, subjecting a received 
signal to switching at a predetermined frequency, 
mixing the received signal with the frequency mod- 
ulated signal that is transmitted and further mixing a 
mixed signal with a switching signal having said 
predetermined frequency, wherein 
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a single antenna (38) is used so that time-divi- 
sion transmission and reception is carried out. 

4. The radar apparatus as claimed in claim 1 , charac- 
terized in further comprising: s 

antenna sharing means (36) connected to said 
single antenna (38); 

a transmission switch (32) for supplying said 
frequency modulated signal to said antenna 10 
sharing means (36); and 
a reception switch (42) for supplying a received 
signal received via said antenna sharing 
means (36) to a circuit for mixing said received 
signal with said frequency modulated signal is 
that is transmitted, wherein 

switching between said transmission 
switch (32) and said reception switch (42) 
is effected by signal inversion. 20 

5. The radar apparatus as claimed in claim 4, charac- 
terized in that said antenna sharing means (36) is 
implemented by a circulator. 

25 

6. The radar apparatus as claimed in claim 4, charac- 
terized in that said antenna sharing means (36) is 
implemented by a 90° hybrid circuit. 

7. The radar apparatus as claimed in claim 4, charac- 30 
terized in that said antenna sharing means (36) is 
implemented by a branch circuit. 

8. The radar apparatus as claimed in claim 1 , charac- 
terized in further comprising a single-port double- 35 
throw switch (54) for connecting said single 
antenna (38) to one of a circuit for outputting a fre- 
quency modulated signal and a circuit for mixing a 
received signal received via said antenna (38) with 
said frequency modulated signal that is transmitted. 40 

9. The radar apparatus as claimed in claim 3, charac- 
terized in further comprising: 

antenna sharing means (36) connected to said 45 
single antenna (38); 

a transmission switch (32) for supplying said 
frequency modulated signal to said antenna 
sharing means (36); and 

a reception switch (42) for supplying a received so 
signal received via said antenna sharing 
means (36) to a circuit for mixing said received 
signal with said frequency modulated signal 
that is transmitted, wherein 

55 

said reception switch (42) is subjected to 
switching at said predetermined frequency 
when said transmission switch (32) is 
open. 



10. The radar apparatus as claimed in claim 3, charac- 
terized in further comprising a single-port double- 
throw switch (54) for connecting said single 
antenna (38) to one of a circuit for outputting a fre- 
quency modulated signal and a circuit for mixing a 
received signal received via said antenna (38) with 
said frequency modulated signal that is transmitted. 

11. A radar apparatus for obtaining a distance and a 
relative speed with respect to a target object based 
on a beat signal obtained by transmitting a fre- 
quency modulated signal and mixing a received 
signal reflected by said target object with the fre- 
quency modulated signal that is transmitted, said 
radar apparatus comprising interference detecting 
means (108) for detecting an interfering signal 
mixed in said beat signal and provided by another 
radar apparatus. 

12. The radar apparatus as claimed in claim 11, char- 
acterized in further comprising frequency varying 
means (100) for varying a center frequency of said 
frequency modulated signal in the event that said 
interfering signal is detected. 

13. The radar apparatus as claimed in claim 1, charac- 
terized in further comprising interference detecting 
means (108) for detecting an interfering signal 
mixed in said beat signal and provided by another 
radar apparatus. 

14. The radar apparatus as claimed in claim 13, char- 
acterized in further comprising frequency varying 
means (100) for varying a center frequency of said 
frequency modulated signal in the event that said 
interfering signal is detected. 



11 



EP 0 795 761 A2 



FIG. 1 PRIOR ART 



MOD IN 



10 VCO 



12 \JL 

B OUT < 



M I X 



TRANSMISSION 
ANTENNA 



RECEPTION 
ANTENNA 



12 



EP 0 795 761 A2 




O 



13 



EP0 795 761 A2 




14 



EP0 79S761 A2 




15 



EP 0 795 761 A2 



FIG. 5 




EP0 795 761 A2 



FIG.6A FIG.6B 



FIG. 6C 



38 




17 



EP 0 795 761 A2 



O O 



^-f- CO CO 

^-*>» CO CO 

r- = = 

CO CO 



CD 



I — 
CD 



CO 



CO 

-J 



o 



CO 



6— 



CO 



CJ> § 



CD 



LXJ 



18 



EP 0 795 761 A2 




19 



EP 0 795 761 A2 




EP0 795 761 A2 




21 



EP 0 795 761 A2 




22 



EP0 795 761 A2 



CO 



CO 
CO 



CsJ tu 
. O O 



CO 



CD 
CO 



CO 




CO 



LXJ 

as 



Z 

O O 



CNI ex. 

2 ex. 

. o o 
CP 



23 



EP 0 795 761 A2 




24 



EP 0 795 761 A2 




25 



EP 0 795 761 A2 



LO 

CD 



OCATIONS 


Rmax 


-O.OdB 


-0. OdB 


-O.OdB 












IFFERENT 


2/3Rmax 


GO 

-o 

LO 

co" 

I 


OO 

LO 
• 

CO 

I 


-3.5dB 












POWER AT 


X 
OS 

eg 


DO 
t3 
CD 

CO 

I 


oo 

CD 
• 

CO 

I 


-6. OdB 


RECEIVED 


X 

CtS 
CO 

*\ 


oo 

LO 
CO 

I 


oo 

LO 
CO 
I 


-9.5dB 


Rmax 


E 

cd 

CD 
LO 


75. Ora 


6 
LO 
• 


* 

CO 


500kHz 


IMHz 


lOMHz 




CO 
it 
o 


60 

LO 


CO 

^. 

LO 
CD 








CD 


CD 



26 



EP0 795 761 A2 




Z OQ 



27 



EP0 795 761 A2 




28 



EP 0 795 761 A2 




29 



EP 0 795 761 A2 



FIG. 19 




TIME 



30 



EP0 795 761 A2 



FIG. 20 



o 



CL3 








^.v : : : : : v : :; : : ; :^ 

:v:-x-:-:-:-:-:-;-:^v:':<v:v:-:->:-:<->:-:->:':-:-:^:-:»:<-:<:>:;:: 

















TIME 



31 



EP0 795 761 A2 



FIG. 21 



MOD IN 



FREQUENCY 
HOPPING 



100 



102 



INTERFERENCE 
DETECTION 



108 

— 106 



B OUT <- 



^ 

BPF 



110 



104 

— * 



M I X 



32 



EP 0 795 761 A2 



F I G. 22A 



114 ^ VCO 
MOD I N -X — 




102 



B OUT <- 



110 106 



BPF 



INTERFERENCE «- 
SIGNAL OUTPUT 



112 



BPF 




104 



MIX 



F I G. 22B 



MOD I N 



114^VCO 



B OUT * 



INTERFERENCE « 
SIGNAL OUTPUT 



COMPARATOR 


> 






THRESHOLD VOLTAGE 



33 



EP 0 795 761 A2 



CO 
CsJ 



Q 
O 



oo 

CM 



CO 
CM 



a 



CM 



I 



T 



.^7 



CO 



oo 
- — * 



Q£<=> 



CO 
CO 



Lai 



CD E— ■ 

« — « LU 
OdC=> 



CM 
CM 



ma 



CO 



O 
CD 



34 



EP0 795 761 A2 



FIG. 24 



MOD IN 



FREQUENCY 
HOPPING 



100 




108 



INTERFERENCE 
DETECTION 



110 



B OUT «- 



BP F 



M I X 



35 



EP0 795 761 A2 



FIG. 25 



MOD I N 
(DC) 



^10 0 

FREQUENCY 
HOPPING 

108 

INTERFERENCE 
DETECTION 



102 



106 



* 

I 104 



M I X 



B OUT <- 



C 

BPF 



110 




36 



LernerandGreenberg PA 
Post Office Box 2480 

Tel: (954)925-1100 Fax: (954) 925 



